Abstract.-This paper analyzes the effect of immigration on wages taking into account human capital adjustments by natives and previous immigrants. To this end, I propose and estimate a labor market equilibrium structural model. On the labor supply side, individuals make endogenous decisions on education, participation, and occupation. On the demand side, an aggregate firm uses a technology that combines labor skill units with capital to produce a single output, and accounts for skill-biased technical change. I estimate the model using U.S. micro-data for . Results suggest that immigration reduced wages considerably even though natives adjusted their human capital and labor supply behavior to compensate for the change in skill prices.
Introduction
How do human capital investments react to immigration? Would U.S. natives have spent less years in school without the mass inflow of foreign workers? These questions are crucial to understand the wage consequences of immigration. However, most of the literature does not take them into account.
During the last forty years, 26 million immigrants of working-age entered the United States. These immigrants are different from natives both in terms of skills and in their concentration into different occupations. Presumably, such a huge inflow of workers not only affected overall wages, but also changed relative prices of skills. If this is true, then incentives to invest in human capital may have changed as well.
To what extent this important change in the U.S. labor supply harmed labor market opportunities of native workers has concerned economists and policy makers for years. In particular, economists have not reached a consensus on what is the effect of immigration on wages. Traditionally, this issue has been addressed by looking at the cross-city variation of immigration -seminal work includes Grossman (1982) and Borjas (1983) . Results show that negative effects of immigration on economic opportunities of natives are modest. More recent studies find sizeable effects of immigration on wages at the national level (e.g. Borjas, 2003) . However, this body of research does not take into account how the change in relative wages make natives adjust their human capital investment and labor supply behavior. Failing to take these adjustments into account may lead to an underestimation of negative effects of immigration. In this paper, I propose and estimate an equilibrium structural model of a labor market with immigration. Importantly, I explicitly model the labor supply and human capital investment behavior of workers. Additionally, the model takes into account skill-biased technical change. Results suggest that immigration reduced importantly wages of competing natives. I also find that human capital and labor supply adjustments contribute importantly to mitigate negative effects of immigration.
The framework builds on the equilibrium models described in Heckman, Lochner, and Taber (1998) , Lee (2005) , and Lee and Wolpin (2006, 2010) . The supply side of the model is similar to Keane and Wolpin (1997) , extended to accommodate immigrant and native workers. Individuals live from age 16 to 65 and make yearly forward looking decisions on education, participation and occupation. Human capital accumulates throughout the life-cycle both because of investments in education, and because of learning-by-doing on the job leads to accumulation of (occupation-specific) work experience.
On the demand side, blue-and white-collar labor is combined with capital to produce a single output. Labor is defined in skill units, i.e. workers have heterogeneous productivity depending on their education, occupation-specific experience, nationality, gender, foreign experience and unobservables. I assume a nested Constant Elasticity of Substitution (CES) production function that accounts for skill-biased technical change through capital-skill complementarity (as in Krusell, Ohanian, Rios-Rull, and Violante, 2000) .
The equilibrium structure of the model, and the distinction between the skills and their market price allow me to disentangle price from composition effects of immigration on average wages. This distinction is important, as immigrants only affect natives through skill prices.
1 I estimate the model combining data from CPS and NLSY for the period 1967-
2007.
2 I use the model to quantify the effect of immigration on wages and education.
In order to do so, I define a counterfactual world without large scale immigration in which the immigrant/native ratio is kept constant to 1967 levels. Then, I compare counterfactual wages and human capital with baseline simulations using the estimated parameters.
Results suggest that immigration reduced average wages. In particular, skill prices fell considerably as a consequence of the larger competition introduced by immigrants.
Blue-collar skill prices were more affected than white-collar skill prices. However, natives (partially) compensated these pressures by increasing their human capital.
Finally, an important fraction of the decline in the average wage is due to a composition effect, i.e. there is a higher proportion of low wage earners among immigrants.
There is a huge literature studying the effect of immigration on wages. The first and the most prolific strand of the literature is the so-called spatial-correlations approach.
It was pioneered by Grossman (1982) and Borjas (1983) , and notably followed by Borjas (1985 Borjas ( , 1995 , Card (1990 Card ( , 2001 ), Altonji and Card (1991) , and Lewis (2010) . This methodology exploits the fact that immigrants cluster in a small number of geographic areas, generating a large cross-city variation in immigrant incursion. This variability can be used to identify how immigration relates to wages. The key assumption is that metropolitan areas constitute closed labor markets that are being exogenously penetrated by immigrants. This assumption, however, may be too restrictive as observed by Borjas, Freeman, and Katz (1997) . On the one hand, Borjas and coauthors argued that prosperous cities receive more immigrants, inducing a spurious correlation that can be wrongly interpreted as immigration improving native economic opportunities.
On the other hand, they claim that natives may respond to the inflow of immigrants by moving their labor to other cities until wages are equalized across areas.
4 As a result of both drawbacks, Borjas (2003) find that negative effects are far smaller at the state than at the national level, and Cortes (2008) find state-level effects to be more sizable than those at the city level. They conclude that negative effects are attenuated at the local level by native migration responses.
5
Closer to the present paper, a more recent strand of the literature changes the unit of analysis to the national level. Borjas, Freeman, and Katz (1992, 1997) put forward the "factor proportions approach" which has evolved substantially in subsequent years. This methodology compares a nation's actual supply of workers in a particular skill group to counterfactual supply in the absence of immigration. It uses information on elasticities of substitution among skill groups to compute the relative wage consequences of the supply shock. Initial studies borrowed elasticities from the literature whereas in more recent studies, beginning with Card (2001) and Borjas (2003, Sec. VII), those elasticities are estimated.
6
Although the latter strand of the literature does not have the problem of native responses in terms of migration (out-migration in the U.S. at the national level is by far less severe than internal migration), natives can react to the inflow of immigrants in many other dimensions, mainly, adjusting their labor supply and human capital investment behavior. If so, counterfactuals of the factor proportions approach do not correctly measure the effect of immigration on wages. Therefore, the main contribution of this paper is to endogenize both.
Human capital may be adjusted because of two conflicting factors. On the one hand, if immigrants alter relative prices of skills (increasing education and whitecollar experience premia), natives' incentives change. As a result, they may increase their human capital mitigating downward pressures on low-skilled workers. On the other hand, if immigration reduces wages, individuals may obtain a lower reward to their investments in human capital -both because investment costs are not altered already used instrumental variables before. However Borjas (1999) noted that the instruments used in the literature do not help to identify any parameter of interest, and that valid instruments are hard to find. 4 Borjas, Freeman, and Katz (1997) , Card (2001) , and Borjas (2006) analyze how immigration affects the joint determination of wages and internal migration behavior.
5 An alternative argument by Lewis (2010) suggests that plants in areas with high immigration adopted significantly less machinery per unit of output, compensating, as a result, negative effects of immigration on low skilled workers in those cities.
6 More recent papers on this literature include Borjas and Katz (2007) , Borjas, Grogger, and Hanson (2008, 2010) , and Ottaviano and Peri (2010) . A special mention should be made of Borjas (2003, Secs. II-VI) that identifies the impact of immigration on the labor market by exploiting the variation across schooling groups, experience cells and over time in a reduced form fashion.
by immigration, and because they participate less in the labor market. In this case, natives would reduce their human capital. As mentioned above, results suggest that the first effect is dominating, as individuals increased their human capital to compensate negative effects of immigration.
Labor supply may also adjust to immigration. First, the fall in wages will motivate some individuals to leave the labor market. This participation effect will tend to increase average wages because lower earners are more likely to leave the market.
Additionally, a change in relative prices will induce some individuals to switch occupations. In this case, the effect is ambiguous. The counterfactual exercises show that the overall supply adjustment effect is negative but very small.
The rest of the paper is organized as follows. The next section briefly reviews some descriptive evidence. Section 3 presents the labor market equilibrium structural model with immigration. Section 4 discusses the nested algorithm used for the solution and estimation of the model, and it briefly describes the data used in the estimation and their simulated counterparts. In Section 5, I present parameter estimates and the validation of the model. Section 6 shows counterfactual exercises. Concluding remarks are in Section 7.
Some facts about U.S. mass immigration

Immigration, wages, and education
During the last four decades, the U.S. labor force was enlarged by about 26 millions of working-age immigrants, almost 0.7 millions of workers per year. Such a huge immigrant-induced labor supply increase has motivated a lot of debate. Researchers are concerned about the economic consequences for native workers, and immigration policy is constantly in the political arena.
Many studies analyze the effect of immigration on wages. As immigrants cluster in a small group of geographic areas, most of the literature, beginning with Grossman (1982) and Borjas (1983) , exploit cross-city variation to identify wage effects of immigration. The "spatial correlations" emerging from this comparison tend to find negative but small effects. However, the endogeneity of immigrant locations and the reallocation of natives motivated some authors to switch the analysis to the national level. In fact, Borjas (2003) finds that negative effects are smaller at the state than at the national level, and Cortes (2008) finds that state-level effects are more sizable than those at the city level. Both conclude that negative effects are attenuated at the local level by native migration responses. Borjas, Freeman, and Katz (1992, 1997) established the "factor proportions ap- Borjas, Freeman, and Katz (1997) 1980-1995 3-6 percent decline in relative wages of high school vs dropouts, 0.7-1.3 percent decline in relative college vs high school wages, 0.35 to -2.49 percent increase in earnings of skilled workers and 4.5-4.6 percent decline for unskilled (depending on the assumptions about the stock of capital).
Borjas (2003) 1980-2000 3.2 percent decline on average, 8.9 percent for dropouts, 2.6 for high school, 0.3 for some college and 4.9 percent for college graduates.
Borjas and Katz (2007) 1980-2000 Very similar to Borjas (2003) but additionally they find that Mexican immigrants account for most of the effect on dropouts and half of the effect on high school. Ottaviano and Peri (2010) 1990-2006 0.6 to -0.1 percent increase in wages of native dropouts, 0.6 percent on the average native wage, and 6 percent decline in wages of previous immigrants. Borjas, Grogger, and Hanson (2010) 1980-2000 5.3 and 6.8 percent decline for black and white dropouts respectively, 2.0 and 2.5 for high school, 2.2 and 2.8 for some college, and 2.9 and 3.7 percent for college graduates.
Note: This table summarizes the main findings in the "factor proportions approach" literature (it does not include any of the large amount of papers in the "spatial correlations approach" literature). The central column refers to the period of analysis. All numbers presented here represent the cumulative increase or decrease of average wages over the entire period.
proach", that simulates wage effects of immigration by comparing actual supplies of workers in particular skill groups with those that would have been observed in the absence of immigration. Many papers have built on this approach with different findings. Most of them find sizeable negative effects. Table I summarizes the most influential ones.
Results in Table I suggest that there exists at least some negative correlation among wages and immigration. The problem with the analysis at the national level is that there is only one observation at each point in time. Borjas (2003) circumvents this problem by comparing immigration and wages in different education-experience cells.
I follow his idea to fit a fixed effects regression including education, experience and year dummies. Figure I shows that the correlation is indeed negative. In particular, a one percentage point increase in the share of immigrants is associated to a 0.39 percent decrease in hourly wages.
The question I am addressing in this paper is about how human capital investments FIGURE I Immigration and Wages Note: Both wages and immigrant shares have been subtracted year, education, and experience fixed effects. Each observation is defined by an education-experience cell for a particular Census year . The horitzontal axis represents the share of immigrants in each cell. The vertical axis plots average hourly wages. Education is grouped in four categories: dropouts, high school, some college, and college. Experience is potential (age minus education), and it is categorized in 10 five-year experience groups. The sample includes full time workers (more than 20 hours per week, more than 40 weeks per year) aged 16-65 years old. The line represents the following fixed effects regression of log average hourly wages of individuals with education i, experience j, at census year t (ln w ijt ) on the share of immigrants in that cell (m ijt ):
(0.031) Regression fitted to 240 observations. Robust standard error in parenthesis. Sources: Census data for 1960 to 2000 and ACS for 2008. and labor supply respond to immigration. Figure II looks at the association between school enrollment rates (share of population aged 16-35 that is enrolled in school) and immigration. By construction, in this case it does not make sense to group individuals by experience, so I only create education cells. The idea is as follows: if an individual has just completed, say, high school and she has to decide wether to go to the job market or to keep studying for an additional year, she will look at how tough is the competition in the market for high school graduates, and she will decide accordingly.
Therefore, I fit a fixed effects regression with education and year dummies. Figure II presents a positive correlation between immigration and school enrollment. In this case, a one percentage point increase in the share of immigrants is associated with a FIGURE II Immigration and School Enrollment (1960-2008) Note: Both wages and immigrant shares have been subtracted year, education, and experience fixed effects. Each observation is defined by an education group for a particular Census year . The horizontal axis represents the share of immigrants over working age population (16-65) in each education group at each point in time. The vertical axis plots the share of young individuals (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) that is enrolled at school in each group. Labels of different data points are as follows: the two letters indicate current educational level (SH-Some high school, HS-High School, SC-Some College, CG-College Graduates); the two numbers indicate Census year. The line represents the following regression for the enrollment rate of individuals in educational category i at census year t (s it ) on the share of immigrants in that cell (m it ):
(0.199) Regression fitted to 24 observations. Robust standard error in parenthesis. Sources: Census data for 1960 to 2000 and ACS for 2008. 0.46 points increase in enrollment rates.
Finally, I also look at the correlation of immigration and blue-to white-collar transitions. Individuals switch occupations not only to benefit from a different wage, but also to change their experience accumulation profile. This particular transition probability is interesting because immigrants are more clustered in blue-collar jobs (see Section 2.2). The increasing competition in blue-collar jobs due to the increase in immigration pushes down blue-collar wages, and it makes more attractive to accumulate experience in white-collar jobs. Figure III presents an estimate of a fixed effects regression between this transition probability and immigration across education-experienceyear cells. A one percentage point increase in the immigrant share is associated with FIGURE III Immigration and Occupation Transitions (1970-2008) Note: Both transitions and immigrant shares have been subtracted year, education, and experience fixed effects. Each observation is defined by an education-experience cell for a particular Census year . The horitzontal axis represents the share of immigrants in each cell. The vertical axis plots the share of individuals that work in blue-collar in year t and in white-collar in year t + 1 over all individuals that work in blue-collar in year t in each cell. Education is grouped in four categories: dropouts, high school, some college, and college. Experience is potential (age minus education), and it is categorized in 10 five-year experience groups. See the text for details on how individuals are assigned to each occupation. The line represents the following fixed effects regression of blue-to white-collar transition probability of individuals with education i, experience j, from census year t to year t + 1 (p ijt ) on the share of immigrants in that cell (m ijt ): 7 The average transition probability is around 13 percent.
Mass immigration
The large scale immigration of the last four decades increased the share of immigrants in the labor force from 5.7 to more than 16.6 percent (see Table II ). Table II shows that the presence of immigrants has increased quickly among less educated than among other groups. In particular, the share of immigrants among dropouts increased twice as fast as in the other education groups. In absolute terms, this does not mean that immigrants are less educated than four decades ago, but that their education has increased slowly compared to native education. Table III shows that the share of dropouts among immigrants decreased from 49.8 to 27.4 percent whereas it decreased from 41 to 10.7 percent among natives. An interesting insight from Table III is that most of this slower increase in education is driven by the substitution of Western immigrants by Latin Americans and, to a lesser extent, Asians and Africans (see the trends in Figure IV) . If the composition of the inflow of immigrants in terms of regions of origin had remained as in 1960s, immigrant education would probably have increased at the same speed as native education. Another important conclusion from Table II is that immigrants are (increasingly) more clustered in blue-collar jobs. This is also true by educational levels. For example, the share of immigrants among dropout blue-collar workers increased from 7.2 to 55.5 percent whereas it only increased from 6.8 to 33.7 percent among all dropouts. Table IV shows that immigrants are more prevalent in blue-collar occupations. In all categories included in blue-collar, the share of immigrants increased faster than the overall share, whereas the opposite is true for all white-collar categories. Farmingrelated occupations deserve a special mention because farm laborer (blue-collar) is the occupation with the highest share of immigrants, whereas farm manager (white-collar)
is the occupation with less immigrants. 
An important conclusion from
Policy background
Although the focus of this paper is on the recent boom in immigration, it is important to remark that immigration is not a new phenomenon in the United States. Throughout its history, the United States has been a nation of immigrants. From colonial times to mid-nineteenth century Western Europeans (especially British and Irish, but also German and Scandinavian) kept entering the U.S. without any federal legislation (and without a major concern from locals). Beginning in 1850s, the so-called "new immigration" brought in immigrants from Eastern and Southern Europe as well as from Asia and Russia. Americans' preference for "old" rather than "new" immigration reflected a sudden rise in conservatism and the appearance of the first nativist movements. In 1875 the first federal immigration law was passed; this law prohibited the entrance of criminals and convicts, as well as Asian women who would engage in prostitution.
This law paved the road for the 1882 Chinese Exclusion Act, which almost prohibited Chinese workers to enter the United States. 9 It was the first law that targeted a specific ethnic group, starting a bias against Asian that lasted until 1952. 10 The 9 Over further decades, Chinese were issued Japanese passports to enter the United States. In 1907, a "Gentleman's Agreement" with Japan effectively ended with Chinese immigration.
10 The Immigration and Naturalization Act of 1952 removed racial distinctions in the legislation for the first time in U.S. immigration policies.
Immigration Act of 1917 defined a "barred zone" of nations in the Asia-Pacific triangle from which immigration was prohibited In 1921 the U.S. Congress passed the Emergency Quota Act, which limited the annual number of immigrants to be admitted from any country to a maximum of the 3% of the number of persons from that country living in the U.S. in 1910. In 1924, the share was reduced to 2% and the reference year was switched to 1890. It was the birth of the National Origins Formula. This restriction, aimed to preserve the ethnic composition of U.S. population, especially affected Southern and Eastern European immigrants.
The 1965 democracy, the principle that values and rewards each man on the basis of his merit as a man. It has been un-American in the highest sense, because it has been untrue to the faith that brought thousands to these shores even before we were a country.".
Senator Ted Kennedy, on the other hand, stated that "our cities will not be flooded with a million immigrants annually". Therefore, the aim of the law was clearly to remove "an archaic form of chauvinism".
In light of the previous quote, Figure IV shows that the subsequent resurgence of large scale immigration was unpredicted by policy makers at that time. From the end of 1960s to the present day, the share of immigrants in the population increased steadily.
Moreover, the sources of immigrants changed drastically: while the presence of Western immigrants kept falling during the following decades, crowds of Latin Americans, and to a lesser extent Asians, continuously flooded the U.S. since then.
As I mentioned before, numerical limits did not end with the 1965 Amendments.
Initially, a quota was set by hemispheres (170,000 with a 20,000 limit by country for the Eastern Hemisphere, and 120,000 for the Western Hemisphere without the per-country limit until 1976), and in 1978 they merged into a world quota of 290,000. 11 According to Department of Homeland Security (Yearbook of Immigration Statistics), quotas were, in general, filled every year since 1986 (the first year with available data on legal entrants by class of admission). Therefore, these quotas were a binding constraint to the inflow of immigrants.
A labor market equilibrium model with immigration
In this section, I present a labor market equilibrium model with immigration. This model is used to quantify the effect of four decades of large scale immigration into the U.S. on wages and human capital investments of natives. The main contribution of the current approach is to explicitly model the labor supply and human capital investment decisions. I also account for skill-biased technical change as an alternative source of the increasing wage inequality.
On the supply side, forward-looking individuals decide on education, labor market participation, and occupation. Education and occupation-specific work experience are rewarded in the future with higher wages, and leisure produces utility. The previous literature typically assumes perfectly inelastic labor supply and exogenous educationexperience profiles (e.g., Borjas (2003) , Borjas and Katz (2007) , Ottaviano and Peri (2010) , Borjas, Grogger, and Hanson (2010) ). This assumption may produce biases as immigration affects education, participation and occupation decisions. For example, if the inflow of foreign workers reduces native participation in the labor market (i.e., if the labor supply curve has a finite positive slope), negative effects of immigration on wages may be underestimated. Or, if natives increase (reduce) their education as a consequence of immigration, this may lead to underestimate (overestimate) negative wage effects.
On the demand side, the production function of the aggregate firm includes heterogeneous labor and skill-biased technical change. As in the "canonical model" of wage inequality, 12 I consider two types of labor: skilled labor, given by white-collar aggregate skill units, and unskilled labor, provided by blue-collar skill units. 13 Moreover, simi-11 Immediate relatives (spouses, children, and parents) were allowed to enter without any limitation until 1992. After 1992, the overall quota (including relatives) was set to arount 700,000.
12 See a detailed description of this model in the surveys by Acemoglu (2002) and Acemoglu and Autor (2010) .
13 Labor supply is measured in skill (or efficiency) units, i.e., for a given occupation, it is adjusted by education, experience, and unobserved heterogeneity in productivity. Individual wages are given by individual skill units and their equilibrium prices. As a result, the model is able to produce heterogeneity in wages (inequality) within occupations. The structure of the model provide an explicit form for the individual production function of skill units.
larly to Krusell, Ohanian, Rios-Rull, and Violante (2000) , skill-biased technical change is induced by capital-skill complementarity and the dynamics of capital equipment.
Career decisions and the labor supply
Individuals enter the model at age a = 16 (or at entry into the U.S. in the case of immigrants) and make decisions each year until the age of 65 when they die with certainty. They choose among four mutually exclusive alternatives to maximize their lifetime expected utility: to work in a blue-collar job, d a = B; to work in a white-collar job, d a = W ; to attend school, d a = S, or to stay at home, d a = H. The population consists of L types of individuals that differ in skill endowments and preferences, as described below. I define the types of individuals based on observable characteristics. Natives differ by gender (males and females). Immigrants additionally differ in their region of origin (Western countries, Latin America, and Asia and Africa). As a result, there are eight types of individuals, six types of immigrants and two of natives.
Immigrants enter the U.S. exogenously and with a given skill endowment. This assumption is standard in the literature. Attempting to endogenize migration decisions would be very difficult, as it requires to observe immigrants in their country before immigration, and those data are not available. However, immigrants might be more attracted when wages are relatively high. Should that happen, it would generate a spurious positive correlation of wages and immigration, and an upward bias as a result.
14 At every point in time t, and individual of type l and age a solves the following dynamic programming problem:
with a terminal value V 65+1 = 0. β is a subjective discount factor, and Ω at is the information set at age a and time t. The instantaneous utility function is choice-
Workers are not allowed to save and, therefore, they are not allowed to smooth consumption. As a consequence, utility is assumed to be linear.
15 This assumption is consistent with individuals maximizing life-time discounted earnings (plus additional non-pecuniary utility).
14 Nevertheless, long run trends in U.S. immigration seem to be driven additionally by something else. First of all, Section 2.3 shows that immigration policy reform in 1965 -apparently driven by ethical/diplomatic concerns more than by labor market pressures-clearly marked a change in long run trends and composition of the immigrant stock. Additionally, moving costs changed considerably during this time. And, finally, country-specific shocks in different source countries may also have played a role.
15 Introducing a continuous decision variable is very expensive computationally. See further details on the solution algorithm below. (Mincer, 1974) :
The exponential part of equation (2) is the production function of skill units. All ω j s, interpreted as technology parameters, represent the return of each observable characteristic in terms of productivity in occupation j. Therefore, education E a , bluecollar and white-collar effective experience in the U.S., X B and X W , and (potential) experience abroad, X F , affect workers productivity. Returns to education, ω j 1,is , are different for immigrants and natives (is = nat, immig).
16 Aside from the returns to investments in human capital, equation (2) also includes permanent and transitory heterogeneity in productivity, ω j 0,l , and ε j a . The transitory shock is iid normally distributed with gender-specific variance σ j g . Skill prices r j t are only identified up to scale in equation (2). Therefore, I impose the normalization ω j 0,male,nat = 0. Given this normalization, skill prices are interpreted as average wages in occupation j of native males without any education and experience. Equation (2) accounts for assimilation of immigrants. LaLonde and Topel (1992) define assimilation as the process whereby, between two observationally equivalent immigrants, the one with greater time in the U.S. earns more. According to this definition, immigrants assimilate in the sense that they accumulate skills in the U.S. that they would not have accumulated in their home country (Borjas, 1999) . In terms of the present model, assimilation is provided by (the possibility of) a higher return to one year of U.S. experience than to one year of experience abroad.
Individuals who decide to attend school face a monetary cost, which varies for undergraduate, τ 1 , and graduate studies, τ 1 +τ 2 . Additionally, they have a non-pecuniary utility which is defined by a permanent component, δ S 0,l , a disutility of coming back to school if they were not in school in previous period, δ S 1,g , and an iid transitory shock, ε S a , normally distributed with gender-specific variance σ S g . Specifically,
16 Different returns to years of schooling for immigrants and natives may be the consequence of immigrants undertaking (part of) their education abroad. For example, one may tend to think that a share of the skills that are transmitted in school have a country-specific component, and less useful in a different country (e.g. non-English language skills). Alternatively, I could consider a different return to education in the U.S. and abroad; however, I do not observe where the immigrants attended school.
As a counterpart, their stock of years of education increases accordingly E a+1 = E a + 1{d a = E}, providing a return in the future.
Finally, those individuals who decide to remain at home do not receive any pecuniary payoff, and they experience the following utility:
In this case, their permanent and transitory utility is increased by δ H 1,g units for each preschool children living with them at home, n a . 
Equation (5) is a Cobb-Douglas production function that combines capital structures and a composite of equipment and labor. This composite is itself a CES combination of blue-collar labor and another CES aggregation of equipment and white-collar. Neutral technological change is provided by the aggregate productivity shock z t . Parameters α, θ, and λ are connected with the factor shares, and ρ and γ are related to the elasticities of substitution. In particular, the elasticity of substitution between equipment and white-collar labor is given by 1/(1 − γ), and the elasticity of substitution between equipment/white-collar and blue-collar labor is 1/(1 − ρ).
Skill units are supplied by workers according to equation (2). As individuals are not allowed to save, capital and output are taken from the data. The aggregate productivity shock is obtained as the residual in equation (5). The assumption of capital exogeneity is consistent, for example, with capital flowing from international markets. I evaluate different scenarios of counterfactual capital in Section 6.
Economic theory suggests that immigration affects wages by lowering the wage of competing workers (Borjas, 1999) . The analysis at the occupational level is convenient in this context. From a theoretical point of view, a foreign engineer working in a farm is not competing with a native professional engineer, but with a native farmer.
Section 2 points out that natives and immigrants concentrate in different occupations given observable skills, and foreign workers are increasingly more clustered in bluecollar jobs.
18 Moreover, it is easier for workers to switch occupations than skills as a mechanism to compensate negative effects of immigration. Peri and Sparber (2009) argue that immigration caused natives to reallocate their task supply, thereby reducing downward wage pressures. Kambourov and Manovskii (2009) model the importance of switching occupations in explaining the increase in wage inequality.
Blue-collar and white-collar workers are broad groups. Table IV in Section 2 shows, however, that, in this case, this classification is enough to describe the differential supply shock across occupations. This is also true by educational levels. Ideally, one would like to define as many types of labor as possible, because the larger the amount of prices, the more heterogeneous effects will be generated by the model. However, the computational burden increases with the amount of prices to be solved in equilibrium.
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Equation (5) is different from the three-level nested CES that has become popular in the immigration literature since its introduction by Borjas (2003) . Borjas considers a technology that is a Cobb-Douglas combination of capital and a labor aggregate.
Labor, measured in worker counts, is a CES aggregation of four educational cells, each being itself a CES aggregate of five experience cells. Equation (5) differs from Borjas' production function in the following aspects: (i) it adds the occupational layer (blue-collar and white-collar workers); (ii) it includes capital-skill complementarity as a source of skill-biased technical change; (iii) the marginal rate of substitution between workers is increasing in workers' productivity; 20 and (iv) it implies solving for two equilibrium prices instead of twenty (see footnote 19).
I include capital-skill complementarity to account for skill-biased technical change. Krusell, Ohanian, Rios-Rull, and Violante (2000) use a production function similar to equation (5) to link the faster decline in the relative price of capital equipment beginning in the early 70s, to the increase in college-high school wage gap. This link is provided by ρ > γ, meaning that equipment capital is more complementary to 18 The increasing concentration of immigrants in blue-collar jobs given observed skills may generate biases if it is not taken into account. The average wage in a given skill (education) cell would artificially decrease with the inflow of immigrants because the share of blue-collar (lower-paid) workers in the given group would be increased by immigration. Allowing imperfect substitution among immigrants and natives in each group (as in Ottaviano and Peri, 2010) may not be enough to correct this problem.
19 On the one hand, solving each price in equilibrium is time consuming. On the other hand, and more importantly, the state space of the individual maximization problem increases with the amount of aggregate variables and prices.
20 Borjas (2003) assumes that the elasticity of substitution between a dropout worker and a college graduate is the same as between a dropout and a high school graduate. In this paper, within an occupation, skill units are prefect substitutes; however, a one percent increase in the number of dropouts requires a larger percentage reduction of high school graduate workers than of college graduates to produce the same output. As a corollary, equation (5) also implies that the effect of a new immigrant is increasing in her productivity.
skilled labor (in their paper college workers, in this paper white-collar workers) than to unskilled labor (high school or blue-collar workers). As a result, the increasing speed of accumulation of capital equipment -due to the decline in its price-increases the relative demand of skilled workers.
The equilibrium
The aggregate supply of skill units in occupation j = B, W is given by
where N a,t is the cohort size. On the other hand, in each period, the aggregate firm maximizes profits by equalizing marginal returns to rental prices:
where
The labor market equilibrium is given by the skill rental prices that clear the market of skill units. Every year t, workers make a forecast about the future path of information sets in the states they expect to reach. They face uncertainty about future skill prices, fertility, and idiosyncratic shocks. The fertility process is known by all agents. Idiosyncratic shocks have no persistence, so the best forecast is their conditional mean. Finally, the path of future skill prices is provided by the sequence of aggregate variables. I assume that individuals have perfect foresight of capital stocks and the stock of immigrants.
However, in order to forecast future stocks of aggregate skill units, individuals need to forecast the evolution of the aggregate shock z t . They also need the distribution of individual skill units in the current population. To forecast the aggregate shock, I
assume that it is well described by the following AR(1) process:
For computational reasons, the current distribution of individual skills can not be included in the state space. To make the problem tractable, I assume that the individual information set is bounded in the sense that it includes skill aggregates, but not the entire individual distribution of skills. Therefore, workers are assumed to be boundedly rational, meaning that they make the best choices with their limited information set. Additionally, I assume that the evolution of aggregate skill units in occupation j is well approximated by the following VAR:
where M t is the stock of immigrants in year t.
Model solution and estimation
A nested estimation algorithm
The equilibrium model presented in Section 3 does not have a closed form solution and needs to be solved numerically. There are two types of parameters to be estimated: expectations parameters, Θ 2 , given by forecasting rules (11) and (12) (11) and (12) with data simulated by the model using those forecasting rules. Therefore, the estimation requires a nested algorithm with a procedure that estimates Θ 1 , and another solving for Θ 2 given Θ 1 . Lee and Wolpin (2006, 2010) describe a natural nested algorithm in which an inner procedure solves for Θ 2 for every guess of Θ 1 , and an outer loop solves the Θ 1 estimation problem with a polytope algorithm. The main drawback of this procedure is that it requires solving for the fixed point of Θ 2 in every evaluation of Θ 1 , and every try of Θ 2 imply an important computational burden. 21 Alternatively, I use an algorithm that, 21 This problem is relatively exacerbated if one uses the parallel version of the Simplex Method developed by Lee and Wiswall (2007) in the minimization problem. The basic idea in Lee and Wiswall (2007) is to move the p worst parameters in each Simplex iteration. The problem is that if one of the processors takes more iterations to find the fixed point in Θ 2 (Θ 1 ) than all others, the latter will remain idle while the former performs further iterations.
at least in the current exercise, outperforms the one by Lee and Wolpin (2006, 2010) . Basically, what I propose is to swap the order of the nesting so that Θ 1 is estimated for every guess of Θ 2 , which is updated at a lower frequency. In particular, the algorithm consists of the following steps:
1. Choose a set of parameters [Θ 1 ] 0 and [Θ 2 ] 0 .
22
2. Solve the optimization problem for each cohort that exists from t = 1 to t = T .
23
To do so, the dynamic programming problem described by equation (1) is solved recursively by backward induction from age 65 to age 1. This solution is not analytic. Moreover, the size of the state space is infinite, and even discretizing the continuous variables with a relatively small number of grid points, it still remains impossible to handle. Therefore, to solve the problem I use an interpolation method based on the one described in Wolpin (1994, 1997) . However, instead of Monte Carlo integration, I use quadrature to solve numerically the integrals from the expectation of the value function in t + 1.
3. Find the equilibrium skill rental prices and the aggregate shock simulating the economy from t = 1 to t = T . In particular, (a) Guess skill rental prices of period t = 1.
(b) Find the supply of skills at this price using the solution obtained in item 2.
(c) Plug the supply of skills into the production function and, together with data on capital and output, recover the aggregate shock.
(d) Update skill rental prices with the demand equations (7) and (8), using the supply of labor obtained in step 3b and the aggregate shock from step 3c.
(e) Repeat steps 3b to 3d with the prices obtained in 3d. Keep iterating to find a fixed point in skill prices.
(f) Repeat steps 3b to 3e for t = 2, ..., T . 22 A very natural initial guess of Θ 2 is provided by solving the fixed point described in step 5 for the given [Θ 1 ] 0 . 23 In particular, I assume that the economy begins in 1860 and ends in 2007. This very early initial date is so to overcome the arbitrary initial conditions that I assign to all cohorts existing in t = 1. As a result, in 1967, the first estimation year, the oldest individuals have never been in the model with any of the initial cohorts, since a bit more than two entire generations have gone by. introduces the problem that individuals may not devote the full year to the same activity. Therefore, in order to assign individuals to one of the four mutually exclusive alternatives, I apply the following rules:
Given
i. An individual is assigned to school if she reported that school was her main activity during the survey week (CPS) or if she was attending school at survey date (NLSY).
ii. She is assigned to work in one of the two occupations if she is not assigned to school, and she worked at least 40 weeks during the previous year and at least 20 hours per week. When an individual is assigned to work, her occupation is the one held during the last year (CPS) or the most recent one (NLSY).
Craftsmen, operatives, service workers, laborers, and farmers are classified as blue-collar workers, whereas professionals, clerks, sales workers, managers and farm managers are white-collar workers.
iii. Finally, those individuals that are neither assigned to attend school nor to work are considered to stay at home.
The simulated counterparts of the data described in Table V are obtained by simulating the behavior of cohorts of 2,000 natives and 3,000 immigrants (some of them starting their life abroad and not making decisions until they enter the U.S.). Note: All statistics are calculated for 41 years except for those that use immigrationspecific information, which are calculated for 15 (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . The number of 5-year age groups is 50/5=10 (16-65). There are two genders (male and female). Immigrant status are also two (native and immigrant). Regions of origin are four (U.S. (natives), Western countries, Latin America, and Asia/Africa). There are four educational levels (<12,12,13-15 and 16+ years of education). The categories of preschool children living at home are three (0, 1 and 2+). And foreign potential experience (fpx) is classified in five groups, which are the same as for years in the country (0-2,3-5,6-8,9-11 and 12+ years). Calculations do not include those statistics that are linear combinations of others, neither they are included in estimation (for example, the share of individuals staying at home is redundant given the shares in blue-and white-collar jobs, and attending school Therefore, cross-sectional simulated data are calculated with a sample of up to 250,000 observations, which are weighted using data on cohort sizes.
The solution of the model requires additional data for exogenous aggregate vari-ables: output, stock of capital equipment and structures, cohort sizes (by gender and immigrant status), the distribution of entry age for immigrants, the distribution of initial schooling (at age 16 for natives and at entry for foreigners), the distribution of From an heuristic point of view, identification is achieved by a combination of functional forms and distributional assumptions, along with exclusion restrictions. A large fraction of the data listed in Table V are cohort specific; the present analysis is, indeed, not very different from synthetic cohort panel data analysis used, for example, in Browning, Deaton, and Irish (1985) . Exclusion restrictions to identify wage equations are provided by variables that affect utilities and not wages (e.g. preschool children), and, for utility functions, they are given by variables that are in wage equations and not in utility functions (e.g. experience). Production function parameters are identified by functional form assumptions for the aggregate supply of skill units plus aggregate data on capital and output; current and past cohort sizes act as if they were instruments for skill units.
Estimation results
Parameter estimates
In this Section, I discuss parameter estimates. All tables include standard errors in parentheses. These take into account errors in measuring the statistics described in Section 4.2 with the data, and simulation error. Further details are in Appendix B.
Production function. Table VI presents parameter estimates for the production function. Elasticities of substitution implied by ρ and γ are respectively 1.37 and 0.74. These elasticities imply that capital equipment and blue-collar labor are closer substitutes than equipment and white-collar labor. This result -capital-skill complementarity-is crucial for equation (5) to produce skill-biased technical change and explain the widening of the blue-white collar (and college-high school) wage gap.
To see this, from equations (7) and (8) we can write:
Equation (13) can be interpreted as a reformulation of Tinbergen's famous race between technology and the supply of skills (Tinbergen, 1975) . 26 The second term of equation (13) is the negative contribution of the supply of skills (provided by ρ < 1) and the last term captures biased technical change. As I mentioned above, Krusell, Ohanian, Rios-Rull, and Violante (2000) propose a production function, which is similar to equation (5), to link the rapid fall in the price of equipment and the widening of the wage gap. The last term in equation (13) captures precisely this effect by building a positive correlation of the stock of equipment and the wage gap as long as ρ > γ.
Therefore, point estimates of Table VI , indicating capital-skill complementarity, are in line with this prediction.
Seminal work on the capital-skill complementarity hypothesis is provided by Griliches (1969) . As noted by Hamermesh (1986) , although most of the studies on this issue agree in the existence of some degree of complementarity among capital and skilled labor, there is a huge variety in the estimates of the absolute size of the demand elasticities for blue-collar and white-collar labor. Although they are not directly comparable, Krusell, Ohanian, Rios-Rull, and Violante (2000) estimate elasticities of 1.67 for high-school and 0.67 for college respectively.
As I mentioned in Section 3.1, I normalize the "ability" of native males to zero for both in blue-collar and white-collar wage equations. Aggregate skill units are relative to this normalization, and so are parameters α and θ, connected to factor shares.
Given the CES production function in equation (5), only λ is directly interpretable as a factor share. Conversely, blue-collar, white-collar and equipment time-varying factor shares are given by the following equation:
where Q i is the stock of factor i (S B , S W , and K E respectively), KW t is the CES aggregation of white-collar and equipment, A i is α, (1 − α)θ, and (1 − α)(1 − θ) for 26 Tinbergen (1975) suggests that the overall change in the gap between skilled and unskilled wages is driven by two contrasting forces: the relative increase in the supply of skills, which tends to close the gap, and a skill-biased technical change, which opens it. Acemoglu (2002) , and Acemoglu and Autor (2010) provide an interesting review of how researchers have tested this hypothesis with data. This equation is usually presented in a framework in which skilled labor is identified by college and unskilled by high school. However, because returns to education in white-collar are higher than in blue-collar, the same arguments apply to equation (13). (5)):
Elasticities of substitution of blue-collar vs equipment (or vs white-collar), and white-collar vs equipment are given by 1/(1 − ρ) and 1/(1 − γ) respectively. Parameter λ is the capital structures share of output. Blue-collar, white-collar, and capital equipment shares are given by equation (14). Standard errors in parentheses (see Appendix B).
blue-collar, white-collar and capital equipment respectively, and B i is ρ for blue-collar and γ for the other two.
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Estimates listed in Table VI imply a capital share, including structures and equipment, that fluctuates around forty percent, which is slightly above the standard one third of the literature, but seems reasonable. 28 Blue-collar and white-collar labor shares are also within reasonable values (around 0.23 and 0.36 respectively, with the latter increasing with respect to the former). Own estimates using CPS data suggest that blue-collar wages account for around a forty percent of total labor earnings, and that this share is decreasing over time.
Wages. Wage equations estimates are presented in Table VII . For each occupation, I allow for different returns to education for natives and immigrants (see Section 3.1).
Results suggest that an additional year of education increase blue-collar wages by a 5.6% for natives and a 5.3% for immigrants. In the case of white-collar jobs, the return to one year of education is 10.2% and 11.0% respectively. Card (1999) surveys the enormous literature on returns to schooling, listing wide variety of estimates that range from 5 to 15%. At the occupational level, Keane and 27 Notice that in the Cobb-Douglas case (ρ = γ = 0), the shares are respectively (1 − λ)α, (1 − λ)(1 − α)θ, and (1 − λ)(1 − α)(1 − θ).
28 This slightly large estimate is mainly provided by the point estimate of λ, 0.206, which is somewhat larger than previous estimates in the literature. Krusell, Ohanian, Rios-Rull, and Violante (2000) estimate a production function similar to the one estimated here, although they define the two types of labor as college and high school. They report an estimate of 0.117, and Greenwood, Hercowitz, and Krussell (1997) calibrate this share to a 13%. (2)):
W a + ω 6 X F a + ε a }. Heterogeneity parameter for native males is normalized to zero. For a female immigrant from country i, the parameter is the is the sum of the corresponding male counterpart and the native female's. Standard errors in parentheses (see Appendix B).
Wolpin (1997) find a return of 7% for white-collar workers and 2.4% for blue-collar workers (9.3 and 1.9 respectively in their basic model). Similarly, Lee (2005) estimate an additional year of schooling to produce a 8.1% increase of white-collar wages and a 5.4% of blue-collar wages. Finally, in Lee and Wolpin (2006) white-collar returns to education range from 5.4 to 7.6% (for goods and services sectors respectively) whereas blue-collar returns range from 2.7 to 4.4%. My estimates are in the range of estimates surveyed by Card, and qualitatively in line with Keane and Wolpin (1997) , Lee (2005) , and Lee and Wolpin (2006) . Both blue-collar and white-collar own experience have a similar return. In both cases, an additional year of own experience have a decreasing return with a peak that is reached after between thirty and forty years of experience. Potential experience abroad, is less productive than own effective experience in the U.S. in both occupations.
This lower return to foreign experience generates wage convergence for immigrants as they spend time in the United States. (3)):
, and the ones from the bottom panel are from the home utility (equation (4)):
For a female immigrant from country i, the unobserved heterogeneity parameter for alternative j (j = S, H) is calculated as follows: δ Consistent with wage differences in the data, women are less productive than men in both occupations. Immigrants, on the other hand, show heterogeneous results depending on the region of origin. They are more productive in blue-collar, which is consistent with their clustering in this occupation. Latin Americans are extremely less productive in white-collar occupations, which is also consistent with observed wage differentials.
Utility parameters. Table VIII shows estimates of utility parameters for the school and home options. School utility for women is lower than that of men, although their reentry cost is also lower. Tuition fees are around 8,700US$ for undergraduate studies and almost 11,000US$ for graduate. Home alternative has also a similar utility for converge to that of an observationally equivalent immigrant that entered the U.S. before. As a result, relative wages increase as the weight of foreign experience in the experience bundle falls. males and females, although it should be noted that women will be more likely to stay at home as they earn lower wages. Immigrants, on the other hand, have lower utilities both for attending school and for staying at home.
Model fit
In order to asses the credibility of counterfactual exercises described below, it is important to check how well the model fits the data. Figure V evaluates the goodness of the model in fitting wages. Panel (i) plots log hourly wages. The model captures the level of wages, the male-female wage gap, and the faster growth of female wages; on the other hand, it is not able to capture the initial increase in early 1970s and subsequent decrease of the male average wage, though the cumulative change over the period is well replicated. Panel (ii) checks the capacity of the model in replicating the increase in college-high school wage gap. It is interesting to note that the model does a good job explaining this increase despite the assumptions of a constant return to education in the skill production functions of individuals, and the capital-skill complementarity at the occupational level instead of the educational level. Additionally, I check how the model replicates human capital and labor supply variables. Table IX compares actual and predicted averages over the estimation period.
In particular, it checks the goodness of the model in fitting the increase in average years of education, the share of dropouts, the share of workers in blue-collar and the participation rate. Actual and predicted averages are quite close. Female education however, is slightly underestimated. 
Understanding the consequences of immigration: counterfactual exercises
The fundamental question of this paper is about the effect of immigration on wages. I use the estimated model to predict the counterfactual evolution of wages in the absence of the large scale immigration of the last four decades.
My definition of a "world without mass immigration" consists of a scenario in which foreign workers enter the country only to maintain the share of immigrants in the workforce constant to 1967 levels (5.7%). More precisely, I calculate the net inflow of immigrants necessary to keep this share constant, refreshing the cohorts to hold the age and gender composition of 1967. All other variables are left constant to baseline levels including, among others, aggregate and idiosyncratic shocks, and exogenous variables for immigrants -distributions of entry age, region of origin and initial education.
Table X compares baseline and counterfactual wages. The main conclusion is that wages were adversely affected by mass immigration. The average wage fell by 5.95 percent. However, this effect is heterogeneous among different groups of individuals. High school workers were more affected than college workers. Moreover, the average wage of immigrants fell more than that of natives. Finally, male wages were also more reduced than female wages. Overall, Table X indicates that immigration reduced average wages in general, but it particularly affected those individuals that are closer substitutes to immigrants: high school workers more than college workers, as immigrants are less educated than natives; other immigrants more than natives, as they have similar characteristics; and males more than females, as a higher fraction of males work in blue-collar than females.
An important feature of the current model is that it allows me to separate price and composition effects of immigration. Panel A in Table XI present the effect of immigration of skill prices. Both prices were considerably reduced, although less than average wages. Blue-collar skill prices were more affected than white-collar.
A raw comparison of Panel A in Table XI and Table X suggest that the total fall in average wages is a mixture of price effects and different changes in the composition of the workforce. First of all, having a larger share of immigrants in the labor force reduces wages simply because immigrants typically earn lower wages. Moreover, average skills of natives -and incumbent immigrants-may change because of human capital adjustments to immigration. And, finally, some workers may exit the labor force because of the fall in wages, and others may change their occupation as a result of the change in relative prices. In order to quantify these three magnitudes, I decompose the change in average wage in the following components:
where each element represents new entrants, supply adjustment, human capital adjustment and price effects respectively. Subscript 1 indicates the scenario with immigration (baseline), and 0 indicates the one without mass immigration (counterfactual). All wages are averages; L indicates workers (as opposed to N below that indicates individuals).
Price effects, defined as
compare changes in skill prices, weighting them according to the share of workers in each occupation in the scenario without immigration. Results from this comparison are in the first line of the Panel B in Table XI . As already noted by Panel A, price effects are negative. The average price of skill units fell by 3.6 percent. This result implies that the average wage would have been reduced by such amount in the absence of human capital and labor supply adjustments.
The human capital adjustment can be summarized by the third component of equation (15):
Equation ( The second element of equation (15) is the labor supply adjustment effect:
; and w
This component includes both changes in participation and in occupation. It emerges from Table XI that immigration induced individuals both to switch occupations and to leave the labor market. This labor supply adjustment had a negative net effect on average wages of 0.2 percent. This negative effect is the combination of a positive effect induced by individuals leaving the labor market, and a negative effect -which in the end dominates-by individuals switching from white-to blue-collar.
Lastly, the first element is the new entrants effect. This component compiles the fall in average wages that is induced by the fact that immigrants earn less than natives.
Obviously, Table XI shows a negative effect. This result implies that average wages fell by three additional percentage points simply because of the inclusion of more immigrants, which earn lower wages, in the average.
As mentioned throughout the paper, immigration and skill-biased technical change are rival explanations for the widening of the college-high school wage gap since mid 1970s. Panel C shows that immigration accounted for roughly a forty percent of the total increase, which is a substantial share.
All results described above assume that the stock of capital did not react to the inflow of workers. As a consequence, these results can be seen as upper bounds of the fall in wages -the capital-labor ratio falls the most as a consequence of immigration.
A lower bound is provided by the scenario in which capital reacted to immigration such that the counterfactual and the baseline return to capital is the same. It is a lower bound because if the United States were a small open economy, the observed return to capital should determine the capital-labor ratio both in the baseline and in the counterfactual scenarios. Of course, it is hard to assume that the U.S. is a small economy that does not affect the interest rate of international markets, so the final (long run) effect of immigration should be somewhere in between. Panel D of Table XI shows the results from this alternative scenario. Although negative effects are obviously smaller than the ones presented in Table X , they are still substantially negative. Therefore, the four decades of mass immigration reduced average wages by at least 5.5 percent.
The second column of Table XI shows qualitatively similar results for the period 1980-2000. Importantly, this column is comparable to most of the studies listed in Table I in Section 2. For example, Borjas (2003) finds a decrease of the average wage of 3.2 percent. Panel B in Table XI suggest that the average wage fell by 3.7 percent over that period. However, natives were much less affected; 2.2 percentage points of the drop were due to the fact that the average wage includes a larger fraction of immigrants, which are lower wage earners. The native average wage fell by 2.8 percent initially (the price effect). This decline was slightly exacerbated by labor supply adjustments. However, human capital adjustments increased the average wage in 1.3 percentage points in order to compensate the negative effect. In the end, their average net wage loss was as large as 1.6 percent.
Concluding remarks
This paper estimates a labor market equilibrium model that takes into account native human capital and labor supply adjustments to immigration. These adjustments are important to quantify the effect of immigration on wages. The model is estimated by minimum distance using CPS and NLSY data for 1967-2007. The parameterized model is then used to measure the effect of immigration on wages simulating a counterfactual world without large scale immigration.
Results suggest that, during the last four decades, immigration reduced the average wage by 5.95 percent. Moreover, it was particularly harmful for high school workers, for male workers, and for immigrants themselves, all of them closer substitutes to immigrants. However, this result does not imply that wages of natives were reduced by such amount. Half of the decline in the average wage is due to a composition effect, i.e. there is a higher fraction of low wage earners among immigrants. Wages of natives -and incumbent immigrants-that did not change their human capital investment and labor supply behavior were reduced 3.5 percent. However, some of them adjusted their human capital and labor supply behavior to mitigate the negative effects.
The results described above highlight the importance of taking human capital and labor supply adjustments into account when analyzing wage effects of immigration. Statistics). The latter are imputed with a similar procedure, using the estimates of the entry age distribution described below.
Age at entry. 1900 -1930 , 1931 -1940 , 1941 -1950 , 1951 -1960 , 1961 -1970 , 1971 -1980 , 1981 -1990 the joint distribution of age at entry and initial education requires an estimate of the entry age distribution conditional on education. Because of data limitation, I
compute the "relative" distribution by educational level, i.e. the ratio of conditional and unconditional distributions, with the Census 2000, and then I multiply this relative distribution and the time varying unconditional age at entry distribution.
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Region of origin. 
where M t is the stock of immigrants in year t, s i,t is the share of immigrants from region i, and M 65,t is the stock of 65 years old immigrants in year t. The share s 65,i,t−1 is approximated with s i,t−35 because the average age at entry is around 30 years old. Table 2 .1). On the other hand, there are two reasons why total compensation of employees produced by the model would be underestimated (and factor shares biased as a result) without further adjustments: first, discretization of individual decisions to one choice per year eliminates earnings of some part time workers and of individuals that work a small fraction of the year from the aggregation of total labor income;
and, second, wages do not reflect the total labor compensation. These two issues are corrected by adjusting total wage compensation appropriately. To correct for the first, I adjust by the ratio of BEA Total Wage and Salary Disbursements (NIPA Table 2 .1) and the equivalent measure aggregating my wage micro-data from CPS. The second is corrected with the ratio of BEA Total Wage and Salary Disbursements over the Total Compensation of Employees (NIPA Table 2 .1).
A.2. Microdata
All micro-data statistics used in the estimation (and listed in Table V) Potential experience abroad. As immigrant decisions before they enter the U.S.
are not observable, I use potential experience abroad to measure their initial endowment of work experience. This variable is defined as age at entry minus years of education minus 6. The main difficulty to construct it is that year of immigration is only available by intervals. Moreover, education is also grouped in 0-4, 5-8, 9, 10, 11, 12, 13-15 and 16+ years of education. To construct the variable I use the central point of the corresponding interval both for age at entry and for years of education. Since I do not observe where did the education take place, I assume again that individuals concentrate their education spells in the beginning of their lives regardless of the country in which she was living. In order to reduce errors induced by these assumptions, I group potential experience in the following categories: 0-2, 3-5, 6-8, 9-11 and 12+
years.
Years in the U.S. This variable is constructed exactly as the previous one with the obvious exception that it does not use information on education. It is also intervalled in the same categories. Choices. Individuals are assigned to one of the four mutually exclusive year round alternatives: blue-or white-collar work, attend school, or stay at home. The procedure to assign individuals follows a hierarchical rule. An individual is assigned to school if she reported that school was her main activity during de survey week (CPS) or if she was attending school at survey date (NLSY). She is assigned to work in either of the two occupations if she is not assigned to school and she did work at least 40 weeks during the year before the survey date and at least 20 hours per week. 34 When an individual is assigned to work, she is assigned to the occupation held during the last year (CPS) or the most recent (NLSY). Blue-collar occupations include craftsmen, operatives, service workers, laborers, and farmers, and white-collar include professionals, clerks, sales workers, managers, and farm managerial occupations. Finally, those individuals 34 Hours per week are approximated by the number of hours worked in the previous week.
that are not assigned neither to work nor to attend school are assigned to stay at home.
Wages. Hourly wage is computed for individuals that are assigned to work according to the previous definition. They are assumed to earn all their wage in the occupation in which they are assigned. Earnings include wage and salary income plus self-employment earnings (farm and non-farm), deflated to year 2000 U.S.$ using the Consumer Price Index. Top-coded anual earnings are multiplied by 1.4. Extreme observations are dropped (those with an hourly real wage lower than $2 or higher than $200; see Lemieux (2006) as an example). Hours worked last year are calculated combining information on weeks worked last year 35 and hours worked last week. Weights are proportional to the sample size used to calculate each statistic. In particular, I consider a diagonal matrix with the (weighted) sample size of each element.
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The asymptotic distribution of parameters is obtained by applying the delta method to the sample statistics. In particular,
where G is the P × R matrix of partial derivatives of the R statistics included in π with respect to the P parameters included in θ.
In the estimation problem defined by equation (B.1) there are two sources of error.
On the one hand, sample statisticsπ(x) are estimated with error. On the other hand, 35 Before 1976, this variable is only available by intervals; in particular, the relevant intervals are 40-47, 48-49 and 50-52 weeks. To use a correct approximation of how many weeks to impute to each interval, I calculated sample means for each interval using data for a five years after 1975. Estimates are 43.1, 48.3 and 51.9 respectively. 36 In the model, individuals are assumed to work 2080 hours per year (40 hours, 52 weeks). Although hours worked by individuals assigned to working categories average a little above this quantity, there is an important concentration of workers in the amount of 40 hours per week (Keane and Moffitt, 1998) . , where p i is the individual weight in the sample. Obviously, when p i = p ∀i it is equal to the sample size. This expression is inverse of the precision of the variance of the weighted sample mean: V ar(x) = i p
because the function mapping parameters into statisticsπ(x S (θ)) does not have a closed form solution I simulate it, introducing a simulation error.
The remainder of this Appendix is devoted to find an estimate of V 0 . It is important to notice that because the two sources of error require to do asymptotics in two dimensions: the sample size and the number of simulations. In particular, the problem can be split in the difference between the following two elements: √ N (π(x) − π(θ 0 )) and √ M (π(x S (θ 0 )) − π(θ 0 )), where N is the sample size and M is the number of simulations.
B.1. Minimum distance asymptotics
Consider R statistics from the data such that: Let us introduce some additional notation: Now we can write 12) where • denotes the Hadamard or element-by-element product. Due to the central limit theorem (CLT), and Cramer's theorem, as N → ∞: . . .
. . . Note that this result includes the case in which we can simulate a sample of size m for every observation i = 1, ..., N , so that M = mN , and κ = 1/M , which is the case analyzed in McFadden (1989) .
Finally, to generalize the result to multiple statistics with overlapping samples as in Section B.1, let (l 1i , ..., l Ri ) and (δ 1 , ..., δ R ) play the role of (d 1i , ..., d Ri ) and (λ 1 , ..., λ R ) in the simulated samples, we similarly have that 
